The sleep-wake cydes of 4 developmentally delayed individuals with longstanding severe sleep disturbances were regulated using a faded bedtime procedure with response cost. Bedtimes were systematically delayed for each individual, thus increasing the probability of short latency to sleep onset. The response cost component, consisting of removing the individual from bed for 1 hour, was implemented when an individual did not experience short latency to sleep onset. A fading procedure was then applied successfully to advance the bedtimes and to gradually increase durations of sleep. Specifically, all 4 individuals had decreased amounts of nighttime sleep that increased following treatment. Two of the 4 individuals showed excessive daytime sleep that decreased following treatment. Three of the 4 individuals experienced decreases in night wakings following treatment. Both environmental and biological manipulations of the sleep-wake cyde are hypothesized as mechanisms of treatment. The relative advantages of this procedure over other procedures for the treatment of pediatric sleep disorders are discussed, as are directions for future research.
children. Recommended treatments indude door dosing (Ferber, 1985; Wolf, Risley, & Meese, 1964) , fading (Douglas & Richman, 1982; Ferber, 1985) , reinforcement (Richman, Douglas, Hunt, Landsdown, & Levere, 1985) , and relaxation and contingency contracting (Framer & Sanders, 1980) . Much of the literature consists of anecdotal reports and case studies lacking in methodological rigor.
Notable exceptions are studies by Rickert and Johnson (1988) and Adams and Rickert (1989) . Rickert and Johnson compared the efficacy of scheduled awakening with planned ignoring (extinction) for the treatment ofnight wakings. Scheduled awakening is a procedure in which the child is awakened prior to the expected occurrence of the spontaneous awakening. These scheduled awakenings are then gradually faded. Both treatments appeared to be equally effective in reducing night wakings; however, the planned ignoring treatment resulted in more side effects and was rated as less acceptable by parents. Adams and Rickert compared positive routines and graduated extinction in the treatment of bedtime tantrums. The positive routine treatment consisted of the implementation of several routines prior to the child's bedtime, setting an initial bedtime that was in accordance with the child's typical sleep onset time, and re-peatedly returning the child to bed if he or she got out of bed. Both treatments were equally effective in reducing bedtime tantrums.
Scheduled awakening appears to be an effective, acceptable procedure for night wakings that does not produce substantial side effects. Graduated extinction and positive routines appear to be effective in treating bedtime tantrums. However, like the majority of interventions recommended for treatment of pediatric sleep problems, these procedures are designed to affect a single type ofsleep problem.
As previously noted, many sleep-disordered children show multiple sleep problems. Therefore, development and validation of a procedure that is relatively easy to use, has minimal side effects, and treats multiple sleep-related problems are warranted.
We have previously reported on a procedure involving bedtime fading that appeared to ameliorate multiple sleep problems for a 6-year-old girl with insomnia and attention deficit-hyperactivity disorder (AD-HD) (Piazza & Fisher, 1989) . Similar to the procedure used by Milan, Mitchell, Berger, and Pierson (1981) and Adams and Rickert (1989) , the treatment consisted ofputting the child to bed at a time when sleep onset was highly probable. The bedtime was then gradually made earlier over time (i.e., fading). Several differences exist between the positive routines procedure and the bedtime fading procedure (Piazza & Fisher, 1989) . First, in bedtime fading, the essential treatment component is hypothesized to be fading of the bedtime. In the positive routines procedure, several different responses on the part of the parent may affect the child's behavior (i.e., the routines, the fading, and/or the repeated returns to bed). Second, the bedtime fading procedure was used to affect a variety of sleep-related problems (e.g., delayed sleep onset, night or early wakings, short duration sleep). The dependent variable in the Adams and Rickert (1989) artide was the bedtime tantrums, not the actual sleep of the child. Finally, the response to a child's tantrums in the fading procedure is to continue the baseline response (i.e., attend to him or her, allow him or her to get out of bed, have toys, etc.). The response of the parent to a child's continued tantrums in the positive routines procedure involves planned ignoring.
The purpose of the current investigation was to test furither the efficacy of a faded bedtime procedure for the treatment of pediatric insomnia. To enhance treatment efficacy, a response cost component was added to the bedtime fading procedure. That is, it was hypothesized that adding a response cost would allow a more rapid fading of the bedtime. Finally, the current procedure takes into account developmental norms when assessing and treating a child's problematic sleep.
METHOD

Subjects
Subjects were 4 children referred for the assessment and treatment of self-injury to an inpatient unit that specializes in the treatment of mentally retarded children with severe behavior disorders. Although self-injury was the primary referring problem, the parents of all 4 individuals indicated that sleep problems were extremely disruptive to family life and that reducing these problems was a major goal of treatment. All 4 individuals were nonverbal, diagnosed as profoundly retarded, and met DSM-III-R criteria for insomnia. (Weissbluth et al., 1981) . Ideal sleep and wake times were then established using these norms in conjunction with the parental goals for their child's sleep and wake times. That is, each parent was informed of the average number of hours of sleep per day needed by an individual of their child's chronological age. The parents were then asked to state the time they would like their child to initiate sleep, awaken, and nap. This information was obtained after the children entered the hospital (for Mat, Deb, Abe) and just prior to treatment for Ann in order to prevent any changes in sleeprelated practices on the part of the parent as a result of the interview. The terms "appropriate" sleep and "inappropriate" sleep are used instead of "nighttime" sleep and "daytime" sleep to account for the fact that it is appropriate for children under the age of 4 to have some daytime sleep (i.e., naps). Thus, appropriate sleep time induded day time sleep that occurred during regularly scheduled naps.
Percentage of intervals of appropriate sleep was defined as the number of sleep intervals occurring during the defined sleep period divided by the total number of intervals of the defined sleep period multiplied by 100. Percentage of intervals of inappropriate sleep was defined as the number of sleep intervals that occurred during the defined wake time divided by the total number of intervals of the defined wake time multiplied by 100. Frequency ofnight wakings was defined as the number of awake periods during the defined sleep times that were both preceded and followed by a sleep episode of at least 15 min in duration.
Reliability
On the inpatient unit, interobserver agreement was assessed by having two independent observers score the child as awake or asleep. An occurrence agreement was scored if both observers scored the child as asleep. A nonoccurrence agreement was scored if both observers scored the child as awake.
A disagreement was scored if one observer scored the child as awake and one observer scored the child as asleep. All reliability coefficients were calculated on an interval-by-interval basis. Occurrence agreement was calculated by dividing occurrence agreement by the sum of occurrence agreements and disagreements and multiplying by 100. Nonoccurrence agreement was calculated by dividing nonoccurrence agreements by the sum of nonoccurrence agreements and disagreements and multiplying by 100. Total reliability was calculated by dividing the sum of occurrence agreements and nonoccurrence agreements by the sum of occurrence agreements, nonoccurrence agreements, and disagreements and multiplying by 100. Reliability observations were conducted during both assessment and treatment on 23% of intervals Baseline. During baseline, daytime sleep was interrupted for meals, medical procedures, therapy sessions, and necessary daily care. At other times sleep was neither encouraged nor discouraged. Night sleep was encouraged by prompting the child to go to bed at his or her bedtime following a consistent bedtime routine. This prompt was repeated once every 30 min if the child was out of bed. If early or night wakings occurred, the child was monitored by an adult and prompted to go back to bed at 30-min intervals. This baseline procedure was similar to the families' behavior at home; that is, all families indicated that they used a consistent bedtime routine with their child. In addition, all families indicated that, when their child awakened at night, they typically supervised him or her and periodically prompted the child to return to bed.
Treatment. The first step in treatment involved using baseline data to determine a bedtime at which rapid sleep onset (i.e., within 15 min) was highly probable. This initial bedtime (from which fading occurred) was determined by calculating the average sleep onset time during baseline and then adding 30 min (e.g., if the average time of sleep onset was 10:30 p.m. during baseline, then the initial bedtime was set at 11:00 p.m. 
RESULTS
The percentage of intervals of appropriate sleep for each child is depicted in Figure 1 . All children showed improvements in the percentage ofintervals of appropriate sleep. Mat's sleep increased from an average of 78% in baseline to 87% after treatment; Ann averaged 75.8% of intervals of appropriate sleep in baseline, 89.2% after treatment, and 90% at 1-year follow-up. Deb averaged 57% ofintervals of appropriate sleep in baseline and 72% after treatment. In addition, on 4 nights during baseline, her percentage of intervals of appropriate sleep was 0% and, in two of those 24-hr periods, she did not sleep at all. However, in treatment, she averaged 6 hr of sleep per 24-hr period, with all sleep occurring at appropriate times. Abe averaged 74% of intervals of appropriate sleep in baseline, 77% in treatment, and 86% at 1-month follow-up.
The percentage ofintervals ofinappropriate sleep is depicted in Figure 2 . Ann's inappropriate (daytime) sleep decreased from an average of 11.3% of intervals in baseline to 2.1% of intervals after treatment and to 0.36% at 1-year follow-up. Deb averaged 9% of intervals of inappropriate sleep during baseline and 0% of intervals after treatment. Abe evidenced a small amount of inappropriate sleep (0.9%) in baseline, which was eliminated after treatment and at follow-up.
The frequency of night wakings is depicted in 
DISCUSSION
This study is unique in that a single-subject experimental analysis, induding 24-hr direct observation, was used to evaluate the effectiveness of the faded bedtime with response cost protocol on longstanding, multiple sleep problems in 4 developmentally delayed individuals. Each patient benefited from this procedure. Overall durations of sleep increased substantially for Mat and Ann during treatment, and Deb and Abe experienced increases in the regularity of their sleep. This treatment was also effective in reducing the night wakings of Abe and Ann, and the inappropriate sleep of Ann and Deb was substantially reduced.
From a theoretical perspective, both dassical and operant conditioning may have facilitated treatment efficacy. In a dassical conditioning framework, the unconditioned stimulus is the physiological state associated with sleep deprivation produced by setting the initial bedtime later than the average time of sleep onset during baseline. Ostensibly, the unconditioned response would be sleep. Because the children were only allowed to lie in bed for 15-min trials at times when they are likely to be tired, the protocol may increase the likelihood that being in a prone position in bed will become a conditioned stimulus that increases the probability of the sleep response.
From an operant standpoint, the procedure may (Dinges, 1986) . A second biological factor that may operate with this intervention is that establishing a regular sleep-wake time may allow the body's circadian rhythms to become synchronized with the prescribed sleep-wake schedule. Regulation of sleep-wake times in accordance with a more normal circadian cyde may increase the probability that sleep patterns will be maintained when bedtime has been faded to an earlier hour and the manipulation of sleep pressure is no longer a factor. Finally, Mullaney, Johnson, Naitoh, Friedmann, and Globus (1977) A second potential limitation is that 3 of the 4 patients were treated on an inpatient unit with highly trained staff under careful supervision. The parents of the 4th child, who was treated as an outpatient, were well educated and highly motivated to change their child's sleep patterns. It is important to determine whether parents and caregivers differ in the extent to which they can accurately implement this protocol. Another possible limitation is the nonconcurrent multiple baseline design employed in the current investigation. However, the consistency of results across subjects renders the findings credible, which is the purpose of the design (Baer, Wolf, & Risley, 1987) .
Because this treatment is multicomponent (i.e., fading and response cost), it would be of interest to conduct a component analysis to determine the relative contribution of the various elements of the procedure. Our initial study (Piazza & Fisher, 1989) involved fading the bedtime in 1 5-min increments and did not use a response cost component. Since that time, we have added the response cost component and have begun fading in 30-min increments (primarily for purposes ofexpediency). Based on clinical impressions, we believe the response cost is a useful component of treatment, but we have yet to test the validity of this hypothesis. We also believe that it may be better to begin fading in 30-min increments, but to switch to 1 5-min increments if a patient reaches a plateau in the fading process where he or she does not show progress toward the final target bedtime and/or when the patient begins to approach his or her target bedtime. A component analysis would help to define the essential components of this treatment package.
Finally, to study whether regulation of circadian rhythms is related to the efficacy of the protocol, it would be useful to monitor changes in circadian rhythms by measuring body temperature on the same 24-hr schedule as we measured sleep. We could then determine whether circadian rhythms tend to be irregular during baseline and stabilize following the initiation of treatment. It would be of particular interest to determine whether patients for whom the fading process is difficult show related difficulties in the regulation of circadian rhythms as measured by body temperature. It may be possible to improve the effectiveness of the intervention by using information about circadian patterns to set and adjust (i.e., fade) the child's bedtime.
